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ABSTRACT 
 Sediment cores from seasonal wetland and open water areas from Oxbow lakes [Beasley 
(BL), Hampton (HL), Washington (WL), Roundaway (RL), Sky (SL) and Wolf (WL)] in the 
Mississippi Delta, whose chronology was previously determined by conventional 
210
Pb and 
137
Cs 
age-dating, were analyzed, for the first time, for total-Hg, Pu isotopes (
239
Pu and 
240
Pu), and Pb 
isotopes (
206
Pb, 
207
Pb, 
208
Pb and 
210
Pb).  The purpose was to: 1) assess temporal and spatial 
patterns of metal deposition in the region, and 2) evaluate the feasibility of using ICPMS as an 
alternative to radiochemical analyses for fallout-Pu and 
210
Pb.     
 For Hg, wetland sediments contained higher levels than open water areas.  This is likely 
because the wetland generally contained finer particles with higher levels of total organic carbon 
(TOC) from natural organic matter which has a strong affinity for mercury.  Concentrations were 
generally similar between lakes suggesting the source of Hg to the sediments is widespread; non-
point sources may include atmospheric deposition and geologic sources within the watershed.  
Mercury levels were uniform with depth, except for BL wetland and SL open water which 
decreased with depth.  However, normalizing the data to loss-on-ignition (TOC) gave a weak but 
consistent trend for increasing Hg with depth for four of five lakes.  Annual loading (flux) of Hg 
was estimated at 4.3, 19.2, 13.4, and 20.7 ng/cm
2
/year for BL, HL, SL and WL, respectively.   
 For Pu, the mean 
240
Pu/
239
Pu atom ratio was ~0.177 indicating global fallout as the 
primary and likely source of the Pu.  Analyses of an undisturbed sediment core yielded a Pu peak 
at a depth which is in good agreement with conventional 
137
Cs and 
210
Pb dating.  Analysis of a 
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sediment core which was later found out to have been disturbed (in-situ) yielded a broad and 
uncharacteristic profile of Pu vs. depth.  Because sediment can be mixed by natural events after 
deposition, ICPMS can thus serve as a tool to simultaneously identify (screen) sediments that 
have been disturbed (eliminating costly 
210
Pb analyses on such cores), and to provide a 
chronological marker for those that haven’t. 
 For Pb, total concentrations varied from 1.5 ppm to 12 ppm, with a peak level during the 
1950’s.  Isotopic signature plots suggest “natural” Pb (from soil) as the primary source of the 
lead, with coal and gasoline as slight contributors; however, more study is needed to confirm this.  
Accurately measuring the 
210
Pb isotope by ICPMS was problematic.  The levels were low and 
subject to interference from stable isotopes of Pb, possibly by the tail of the large 
208
Pb peak 
and/or from polyatomic interference such as 
208
Pb
1
H
1
H. 
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BACKGROUND AND PURPOSE OF STUDY 
 
 Sediments are complex deposits of inorganic and organic matter that can serve as a 
natural storage system for metals and anthropogenic contaminants.  Because sediment cores can 
go back decades and even centuries, they are useful as environmental proxies providing a 
window on the past.  Chronology of recent sediments (<100 years since deposition) is 
traditionally determined using 
210Pb and/or “bomb-pulse” isotopes, such as 137Cs and 239+240Pu.  
These isotopes are commonly determined by radiochemical techniques, a process that is tedious 
and requires long analysis (count) times.     
 Sediment cores were collected from seasonal wetland (W) and open water (OW) areas 
from Oxbow lakes [Beasley (BL), Hampton (HL), Washington (WL), Roundaway (RL), Sky (SL) 
and Wolf (WL)] in the Mississippi Delta as part of previous studies by Dr. Davidson (UM 
Geology Department) and Dr. Wren (National Sedimentation Laboratory) [1, 2].  The core 
chronology was determined by conventional 
210
Pb and 
137
Cs age-dating and a number of trace 
elements were determined.  Subsequently the dried sediment samples were archived in plastic 
bags and stored in boxes at room temperature.    
 In this study, these well-characterized sediment samples were, for the first time, analyzed 
for total-Hg, Pu isotopes (
239
Pu and 
240
Pu), and Pb isotopes (
206
Pb, 
207
Pb, 
208
Pb and 
210
Pb).  The 
purpose was to: 1) assess temporal and spatial patterns of metal deposition in the region, and 2) 
evaluate the feasibility of using ICPMS for dating recent sediment by measuring fallout-Pu and 
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210
Pb in sediment profiles and comparing with conventional radiochemical dating methods.  
Specific objectives for each part of the study are given in their respective chapters.  I am very 
grateful to our collaborators to have been given these sediment samples for this study.    
 
Overview of Study Motivation 
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ORGANIZATION OF THESIS 
 This thesis is divided into three chapters corresponding to the major parts of the study: 
Mercury, Plutonium, and Lead.  Each chapter has its own introduction, objectives, methods, 
results and discussion, and conclusion sections.  Information regarding sample sites, sampling, 
sample preparation, and sediment chronology that would be the same for each chapter is 
provided its own section (below).  Generally data summary tables are provided in the main part 
of the thesis whereas additional data are presented in the appendices.   
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SAMPLE SITES, SAMPLING, SAMPLE PREPARATION AND SEDIMENT 
CHRONOLOGY 
Sediment cores were collected as a part of previous investigations by Dr. Davidson (UM 
Geology Department) and Dr. Wren (National Sedimentation Laboratory) [1, 2].  Detailed 
information on sample sites, sampling, sample preparation and sediment chronology are 
available from prior reports [1,2].  Briefly, cores were sampled using a vibracorer from both 
open water and wetland areas within six different Oxbow Lakes (Roundaway, Washington, 
Beasley, Wolf, Sky and Hampton) in the Mississippi Delta (Figures 1-3). Core identity, total 
watershed area, surface area, GPS specifications, core locations and maximum depth of the cores 
from six Oxbow Lakes are presented in Table 1.   Plastic core pipes were inserted in the 
vibracorer before sampling.  To account for compaction core depths were normalized to mean 
water content by the NSL.  All lakes were sampled in 2009, except Wolf Lake and Sky Lake 
which were sampled in 2010 and 2006, respectively.  The cores were stored at 4ᵒC until 
processing.  Cores were extruded soon after collection (within weeks) (except Sky Lake, which 
was extruded in Sept. 2011) and sliced (figure 4) into 1cm (approx.) thick intervals, dried at 60ᵒC 
in the oven, crushed and sieved through mesh of 1mm pore size. Once sieved the cores were 
stored at room temperature in labeled plastic bags.  The cores were dated using both 
210
Pb and 
137
Cs analyses using conventional radioanalytical techniques as described elsewhere [22].  
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Table 1.Sample Information 
Lake 
Latitude 
(N) 
Longitude 
(W) 
Surface 
Area 
(Ha) 
Watershed 
Area (Ha) 
Sample 
ID 
Core 
Location 
Maximum 
Depth (cm) 
Beasley 
 
33.2408ᵒ 90.4032ᵒ 25 915 
BL1A Open Water 97 
BL2 Wetland 58 
Hampton 
 
33.8436ᵒ 90.2353ᵒ NA NA 
HL2A Open Water 333 
HL9 Wetland 134 
Washington 
 
33.0253ᵒ 91.0246ᵒ 1260 10,995 
LW1A Open Water 126 
LW2 Wetland 211 
Sky 33.2888ᵒ 90.4985ᵒ NA 1860 SL5 Open Water 136 
Wolf 32.5563ᵒ 90.2799ᵒ 450 11,750 WF1 Wetland 126 
Roundaway 34.0125ᵒ 90.3574ᵒ 21 1254 RL1B Wetland 71 
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Figure 1. Locations of Oxbow Lakes in this study [adapted from ref. 2] 
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Figure 2. Sky Lake watershed shown in dashed lines. 1mm cores were sampled from middle 
circle [adapted from ref. 1]. 
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Figure 3. Core Location shown for Hampton Lake [3] 
HL2A 
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Figure 4. Sky Lake sediment core (SL5) being sliced into 1cm intervals at the National 
Sedimentation Laboratory. 
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CHAPTER 1: MERCURY 
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INTRODUCTION 
MERCURY IN SEDIMENTS  
 Mercury is a non-essential element in humans which has been studied greatly because:    
1) Hg
0
 is dispersed globally through atmospheric pathways, 2) Hg
0
 in the atmosphere is slowly 
oxidized to the more soluble Hg
+2
, which deposits through wet and dry deposition to aquatic and 
terrestrial systems, 3) Hg
+2
 is converted to methyl mercury (MeHg), primarily by sulfate 
reducing bacteria (SRB) in anoxic sediment, and 4) MeHg, which is highly toxic, 
bioconcentrates in the aquatic food chain [4].  Natural sources of Hg in the atmosphere include 
emissions from land (either leached from geologic materials or attached to dust particles), 
volcanoes, and forest fires [4].  Anthropogenic sources of Hg include metal and pulp industries, 
and coal, peat and wood burning [4].  Because of the potential risks associated with Hg, 
determination of its concentration in various matrices is extremely important. 
An important parameter that controls the distribution of Hg in sediments is the total 
organic carbon (TOC) [5].  Organic matter is commonly associated with the clay and silt 
fractions of soils, which can erode over time; thus, mercury is preferentially transported by these 
fine materials in suspended sediments and deposited into lakes where it concentrates [6].  
Another potential source of mercury to sediments is the usage of Hg-based fungicides 
and seed treatment procedures in agriculture, which was common practice all over the world 
before the 1970’s [7]. Whereas these compounds may degrade over time, mercury will remain 
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and thus it may present a contamination issue, particularly in agriculturally intensive watersheds 
years after discontinuation [7]. 
As noted earlier, methylation of Hg
+2
 to CH3Hg
+ 
occurs in sediments by microorganisms, 
especially SRB [8]. The factors that enhance this conversion are anaerobic conditions, low pH 
and high organic carbon levels [8]. Once formed, CH3Hg
+
, often complexed with ligands such as 
chloride, can diffuse out of the sediment and become more bioavailable.  It readily biomagnifies 
up the aquatic food chain to toxic levels. The neutral complex can cross lipid barriers and enter 
cells.  The biochemical mechanism of toxicity is beyond the scope of this project; the reader is 
referred to other publications on the subject [8].  
MERCURY LEVELS IN NORTHWEST MISSISSIPPI LAKES 
Mercury has emerged as a serious public health concern in Mississippi as a result of 
contaminated fish.  A  fish consumption advisory was issued for the Enid Reservoir in 1995 and 
Yocona River in 1996 by Mississippi Department of Health. Mean total-Hg concentrations for 
fish muscle from Enid Lake were above the human health FDA action level (1 mg Hg/kg) for 
bass, crappie and gar [9].  Concentrations of Hg in sediment from Enid, Sardis, and Granada 
Lakes were 112, 88 and 133 ng/g, respectively in the year 1998 [9]. There has been little to no 
study of Hg in the sediments of Oxbow Lakes in the Mississippi Delta.  One study conducted in 
1975 included measurements of Hg in sediments of Lake Washington [10].  The authors report a 
mean concentration of 48 ng/g. Our data for Washington Lake open water core shows Hg 
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concentration of 47.2 ng/g at 21 cm depth, which corresponds to ~1968. The concentration rose 
to 103.5 ng/g at 16cm depth interval. The corresponding year is 1979.  
The Mississippi Delta which is the Northwest section of the state of Mississippi is one of 
the most intensive agricultural areas in the US [11]. The Delta has numerous Oxbow Lakes that 
have, over the years, been physically isolated from the main Mississippi River channel. The 
Oxbow Lakes are part of the Delta watershed which is an agriculturally intensive area, most 
recently with numerous cotton-soybean production fields.  The soil is also easily eroded and the 
lakes tend to have high sedimentation rates.  In addition to natural accumulation from soil 
weathering and atmospheric deposition, the lakes may have received mercury from the use of 
fungicides on the agricultural fields (subsequently washed into the lakes).   
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OBJECTIVES 
 Determine and compare total-Hg concentration in wetland and open water sediment cores. 
 Measure the concentration of Hg with depth and estimate the deposition flux to the lakes. 
 Examine the dependence of total organic carbon (TOC) on the concentration of total-Hg.  
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METHODS 
TOTAL MERCURY 
Total mercury content in the sediment was determined by an automatic mercury analyzer 
(DMA-80) based on thermal decomposition (TD), amalgamation, and atomic absorption 
spectrometry (AAS) following US EPA Method 7473.  A schematic showing the features of the 
TD-AAS system is given in figure 5.  About 0.25 g of sediment samples from each 1-cm interval 
of core for all the lakes was weighed into nickel combustion boats. The boats are automatically 
inserted into the instrument where the samples are dried and combusted in an oxygen 
environment releasing Hg vapor.  The combustion products are swept through a catalyst tube 
where oxidation is completed, and halogens, nitrogen and sulfur oxides (which can interfere with 
the analysis) are trapped. The remaining gases are carried to the gold amalgamator which traps 
Hg. The system is flushed with oxygen to remove decomposition products. The amalgamator is 
then rapidly heated releasing Hg vapor into two absorbance cells which are positioned in the 
light path of a single wavelength AAS. Absorbance is measured at 253.7 nm as a function of Hg 
concentration [12]. 
The instrument was calibrated using a sediment reference material (MESS-3) certified for 
91 ± 0.009 ng/g Hg.  SRM 1573a (Tomato leaf) and SRM 1566b (Oyster Tissue) were analyzed 
every 10 samples for a QC check. The values obtained were within 15% of the certified value. 
During each run a subset of samples were analyzed in duplicate.  The relative percent difference 
was generally <10% (for example, the BL core duplicates averaged 7.0% RPD).  Blanks were 
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run every 10 samples. The amount of Hg for the blanks was negligible (mean 0.0989 ng); this 
corresponds to a concentration of ~ 0.40 ng/g using the typical weight of analyzed sample (0.25 
g). 
LOSS-ON-IGNITION 
Loss on Ignition (LOI) was used as a measure of Total Organic Carbon (TOC).  LOI was 
calculated by reweighing the sample boats after the Hg analyses.   
%LOI= 
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Figure 5. Schematic of Direct Mercury Analyzer based on Thermal decomposition, 
amalgamation and atomic absorption spectrometry [12]. 
  
BULK DENSITY 
  Bulk density is a measure of soil compaction [13]. Its measurement depends on the 
densities of soil particles (sand, silt and clay) and organic matter.  
 BD = Dry mass/Volume of Sample 
  Where: Dry mass = total mass of dried sample 
  Volume of sample = (void space + particle volume) 
  Void space = wet mass = volume assuming 1g/cm^3 for water  
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Particle volume = dry mass/particle density (generally assume 2.65 g/cm^3 for 
particle density)  
PARTICLE SIZE  
 Sediments comprise of particles having different grain size. To determine particle size, 
sediment samples were passed through sieves with mesh sizes 125 µm, 250 µm, 500 µm and 
1000 µm. Weight % of each fraction was calculated from the total weight.  
MERCURY FLUX 
 Flux calculations are used to estimate annual pollutant loading to a lake.  Mercury flux 
was calculated using the formula: 
  Flux = Metal Conc. x Bulk Density x Sedimentation Rate  
  [g/cm
2
/yr] = [ng/g dry sediment] x [g dry sediment/cm
3
] x [cm/year] 
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RESULTS AND DISCUSSION 
 WETLAND vs. OPEN WATER: Concentrations in wetland sediments were 
significantly higher than open water sediments (Table 2).  Mercury in the Beasley Lake wetland 
ranged from 17.6 to 72.9 ng/g (mean of 40.2 ng/g), whereas the open water core ranged from 2.2 
to 6.0 ng/g (mean of 3.7 ng/g) (figure 6).  Hampton and Washington Lakes also had higher levels 
of Hg in wetland sediment (63.4 and 81.5 ng/g, respectively) versus the open water sediment (9.9 
and 50.4 ng/g, respectively). Mercury in wetland sediment from Roundaway and Wolf Lakes had 
similar concentrations and no trend with depth (figure 6).  The higher concentration in the 
wetland sediment compared to open water sediments may be due to smaller particle size and 
higher levels of natural organic matter, which is discussed below.  Under low-flow conditions it 
is also possible that wetlands may be scavenging Hg before it reaches open water.   
Table 2. Hg Concentration in Sediments from Six Oxbow Lakes in the Mississippi Delta 
Lake 
Sample 
ID 
Core 
Location 
Maximum 
Depth 
(cm) 
n Mercury (ng/g, dry weight basis) 
     
Min Max Mean 1 SD 
Beasley 
BL1A 
open 
water 
108.6 66 2.2 6.0 3.7 0.8 
BL2 wetland 91.6 24 17.6 72.9 40.2 14.9 
Hampton 
HL2A 
open 
water 
333.4 111 5.2 31.1 9.9 3.6 
HL9 wetland 133.7 59 5.0 97.0 63.4 20.8 
Washington 
WL2 
open 
water 
126 25 15.0 104.0 50.4 22.2 
WL1A wetland 211 38 19.0 133.3 81.5 22.0 
Sky SL5 
open 
water 
136 28 2.0 61.7 32.4 20.9 
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Wolf WF1 wetland 126 24 52.5 71.7 58.4 4.3 
Roundaway RL1A wetland 71 13 48.9 70.2 60.6 6.0 
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Figure 6. Hg vs Depth for sediments in Oxbow Lakes in the Mississippi Delta. 
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Figure 7. Hg vs. Deposition Date for sediments from Oxbow Lakes in the Mississippi Delta. 
 
 
 
 
 
 
23 
MERCURY RELATIONSHIP WITH ORGANIC MATTER: Organic matter plays an 
important role in controlling the distribution of Hg in sediments [5]. % LOI values for the six 
Oxbow Lakes are summarized in table 3. There are several possible sources of organic matter in 
sediment including that derived from within the lake by primary productivity and that originating 
from outside the lake such as terrestrial organic matter washed into the lake.  There was a strong 
correlation (r
2
 = 0.96; p < 0.05), between Hg and TOC for samples with Hg concentrations >~40 
ng/g (figures 8 and 9).  
Table 3. Total Organic Carbon (Loss-on-Ignition) in Sediments from Six Oxbow Lakes in 
the Mississippi Delta. 
Lake 
Sample 
ID 
Core 
Location 
Maximum 
Depth (cm) 
n LOI (%) 
     
Min Max Mean 1 SD 
Beasley BL1A 
open 
water 108.6 66 3.8 25.7 10.6 2.7 
BL2 wetland 91.6 24 4.5 29.9 9 5.7 
Hampton HL2A 
open 
water 333.4 111 7.4 20 11.6 3.8 
HL9 wetland 133.7 59 0.8 21 4.8 2.5 
Washington WL2 
open 
water 126 25 1.3 12.9 6.5 3.8 
WL1A wetland 211 38 1.2 18.6 8.6 3.2 
Sky SL5 
open 
water 136 28 3.5 30.6 18.8 8.5 
Wolf WF1 wetland 126 24 6.6 13.5 8.3 1.8 
Roundaway RL1B wetland 71 13 6.3 9.5 8.1 0.9 
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Figure 8. Hg concentration vs. loss on ignition for six Oxbow Lakes in the Mississippi Delta 
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Figure 9. Percent Loss-on-Ignition vs. Hg concentration showing a strong correlation for 
Hg higher than 40ng/g dry weight.  
 
 MERCURY LEVELS BY DEPTH: The relationship between mercury and depth, and 
mercury and deposition year was previously shown in figure 6 and 7, respectively.  Mercury in 
Beasley Lake wetland decreased by depth, whereas the open water core showed no such trend 
with depth. For the BL wetland core, which was most consistent of the wetland cores with 
respect to bulk density, mercury concentrations steadily decreased with depth, suggesting a 
general rise in atmospheric mercury deposition over the last few centuries.  However, an 
interesting trend is seen if the wetland core data is normalized to LOI: a general increase with 
depth for four of the five lakes (figure 10).  Beasley Lake is the exception with a rise followed by 
a decrease at greater depths.  Note: data from Sky and Washington Lakes and the Hampton 
wetland were more variable, possibly a result of natural events that mixed the sediment.  For 
example, the sharp drops in Hg for Sky Lake in the upper 10-50 cm (figure 6) were associated 
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with sandy areas within the core.  Sand has less surface area and affinity for Hg compared to silt 
and clay.  
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Figure 10. Hg vs. Depth (after normalizing for LOI) for sediments from six Oxbow Lakes 
in the Mississippi Delta. 
 
 PARTICLE SIZE DISTRIBUTION FOR WETLAND AND OPEN WATER 
SEDIMENTS: The weight % vs. particle size for Hampton Lake suggests that the wetland core 
has fraction of finer particles than the open water core (figure 11). This suggests, based solely on 
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surface area, that the wetland core is capable of concentrating Hg more than its open water 
counterpart, as indeed was the case (see Hg concentrations presented in table 2).  For Beasley 
Lake, the plot was similar, except perhaps for a spike at particle size of 125 µm for the open 
water core. Thus, owing to a greater fraction of fine particles (< 125µm size) in the wetland core, 
we can hypothesize that the wetland core has a greater capacity to concentrate more Hg than the 
open water core.  In part to test the hypothesis, we determined the Hg concentration in the 
several different size fractions.  As expected, there was an increase in mercury with decreasing 
particle size (figure 12). 
 In addition, it has been shown that the fluid-like nature of soluble organic matter allows it 
the ability to fill the gaps in fine silt and clay particles, and as a result it creates a organic 
substrate with a higher capacity to accumulate mercury [5].  So, are the levels of organic matter 
in the fine sediments higher than the coarse sediments?  As can be seen in figure 13, the answer 
is generally yes.  Moreover, the results showed that Hg concentration and LOI % values were 
higher in wetland sediments relative to the open water sediments. It could be that the presence of 
smaller sized sediment particles and presence organic matter in wetlands are responsible for 
concentrating the Hg. 
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Figure 11. Weight % vs. particle size for Hampton and Beasley Lakes 
 
 
Figure 12. Hg vs. particle size for Hampton and Beasley Lakes.
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Figure 13. LOI% vs. particle size for Hampton and Beasley Lakes. 
 
 MERCURY FLUX TO THE LAKES:  Bulk densities and mercury flux data are 
summarized in tables 4 and 5, respectively.  Flux calculations are highly dependent on bulk 
density and sedimentation rates.  Here, we focus our attention primarily on cores that have well 
characterized ages, especially Hampton and Beasley Lake.  Moreover, for the purposes of flux 
calculations, Hampton and Beasley Lake wetland cores were divided into upper and lower parts.  
[Because the low sedimentation rate in the wetland sediment, it was feared that the lower portion 
of the core may be simply soil beneath the wetland, and thus only the upper portion is 
considered.]  
 For Hampton Lake, there were generally higher inputs of mercury between about 1950 
and 1980, with lower levels before and after that period (figure 14).  On the same figure can be 
seen a data point showing a relatively high concentration occurring during the 1930’s.  That 
sample was repeatedly analyzed to confirm the concentration.  Whereas it is possible that the 
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sample was contaminated, it seems unlikely given the sample was processed the same as the 
others and no other samples were outliers.  We speculate that it may have been associated with 
the use of mercury-based fungicide/insecticides which were used in agricultural practices during 
that period; however more study would be needed to confirm that source.  For Beasley Lake, the 
impact of erosion control structures being placed near the lake is evident (figure 14).  This drop 
in flux is a result of the use of a different sedimentation rate in the calculation as provided by our 
collaborators at the National Sedimentation Laboratory [1].    
 The average Hg flux values 26.1, 15.0 and 35.7 ng/cm
2
/yr for wetland cores from 
Washington, Roundaway and Wolf lakes have been found to be higher compared to open water 
cores (table 5). Mercury fluxes for the wetland cores from Hampton Lake (6.2 ng/cm
2
/yr) and 
Beasley Lake (1.1 ng/cm
2
/yr) were however lower than their open water core counterparts, 19.2 
ng/cm
2
/yr and 4.3 ng/cm
2
/yr, respectively (figure 14). Thus, for Beasley and Hampton, higher Hg 
flux in open water cores indicate higher sedimentation rates in them compared to wetland cores.  
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Table 4. Bulk Density in Sediments from Six Oxbow Lakes in the Mississippi Delta. Note: 
some wetland cores exhibited two regions with distinct bulk densities; the upper part 
having a low bulk density, the lower part having a high bulk density.    
Lake 
Sample 
ID 
Core 
Location 
 Depth 
Range (cm) 
n                Bulk Density (g/cm
3
) 
          Min Max Mean 1 SD 
Beasley 
BL1A 
open 
water 
1.1-108.6 66 0.5 0.6 0.5 0.1 
BL2 
wetland 
upper 
1.6-17.4 6 0.1 0.3 0.2 0.06 
 
wetland 
lower 
19.0-91.6 18 0.4 3.8 1.4 1.13 
Hampton 
HL2A 
open 
water 
2.3-333.4 111 0.4 0.6 0.4 0.1 
HL9 
wetland 
upper 
2.2-11.5 2 0.7 0.9 0.8 0.13 
 
wetland 
lower 
13.9-133.7 57 1.0 1.6 1.5 0.08 
Washington 
WL2 
open 
water 
1-126 25 0.4 1.6 1.2 0.3 
WL1A wetland 1-211 38 0.1 1.7 0.6 0.3 
Sky SL5 
open 
water 
1-136 28 0.4 0.9 0.4 0.1 
Wolf WF1 wetland 1-126 24 0.3 0.8 0.6 0.1 
Roundaway RL1A wetland 6-71 13 0.4 0.7 0.5 0.1 
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Table 5.  Mercury flux into six Oxbow Lakes in the Mississippi Delta.   
Lake 
Sample 
ID 
Core 
Location 
 Depth 
range (cm) 
n Hg Flux (ng/cm
2
/yr) 
          Min Max Mean 1 SD 
Beasley 
BL1A 
open 
water  
1.1-108.6 66 4.3 8.9 4.3 2.3 
BL2 
wetland 
upper 
1.6 - 17.4 6 0.7 1.4 1.1 0.3 
wetland 
lower 
19.0 - 91.6 18 1.8 9.9 3.9 2.4 
Hampton 
HL2A 
open 
water  
2.3 - 333.4 111 19.2 42.0 19.2 6.7 
HL9 
Wetland 
upper 
3.2 - 11.5 2 6.2 6.3 6.2 0.03 
Wetland 
lower  
13.9 - 133.7 57 0.7 14.7 9.2 3.1 
Washington 
WL2 
open 
water  
1 - 126 
25 9.3 30.6 20.7 6.7 
WL1A wetland  
      1-211 
38 8.0 87.7 26.1 14.1 
Sky SL5 
open 
water  
1 - 136 28 0.7 48.5 13.4 10.9 
Wolf WF1 wetland  1 -126 24 20.8 46.9 35.7 8.1 
Roundaway RL1A wetland  6 -71 13 9.6 21.6 15.0 3.6 
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Figure 14. Hg flux vs. Deposition date in Beasley and Hampton Lake open water cores. 
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CONCLUSIONS 
 The Direct Mercury Analyzer is a fast and reliable method for measuring total-Hg in 
sediments. Applied to six cores from the Mississippi Delta it was shown that wetlands tend to 
have higher Hg concentrations compared to open water cores. For Beasley Lake, Hg levels in the 
wetland core steadily decreased with depth, a trend that correlated with TOC for the samples 
with high Hg levels. Mercury levels in the open water cores were generally uniform with depth.  
Mercury in the wetlands cores were more variable by depth, influenced by particle size and 
organic matter.  Overall, we have developed a better understanding of the fate of mercury in 
these watersheds. Future work may include determining the chemical form (species) of Hg in the 
sediments and examining mercury methylation rates. 
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CHAPTER 2: PLUTONIUM 
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INTRODUCTION 
 Artificial radionuclides like 
239
Pu and 
240
Pu are introduced into the environment due to 
accidental releases from the nuclear power plants and testing of nuclear weapons. 
239
Pu and 
240
Pu 
are the most abundant isotopes of plutonium [14].  Their fallout records are preserved in the 
sediment and they are used to determine chronology for sediments; peak concentrations in 
sediments correspond to the year 1963 [15].  Years since 1963 divided by the depth yields 
average sedimentation rate (figure 15). The stratospheric fallout ratio is 
240
Pu/
239
Pu = 0.180 ± 
0.014 and the Nevada Test Site fallout ratio is 
240
Pu/
239
Pu = 0.03 ± 0.07. Using these ratios one 
can decipher the source of fallout in a region.   
 Conventionally, radiometric analyses of 
239
Pu and 
240
Pu have been performed by alpha 
spectrometry. Alpha spectrometry is destructive, requires the use of large sample volumes and 
involves a lot of sample preparation. Further, alpha spectrometry cannot categorize 
239
Pu and 
240
Pu separately due to small difference in their alpha particle energies [16]. A potential 
alternative to using radiochemistry is the use of mass spectrometry.  ICPMS has a number of 
advantages for long-lived radionuclides because it counts atoms instead of decays.  It is suitable 
for routine analysis of large number of samples and can measure isotope ratios.   
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Figure 15. Example of use of Pu for age-dating sediments. Depth vs. 
239+240
Pu activity (Bq/g) 
in Andrew Lake sediments [17]. 
 
 
 
 
 
 
 
 
 
39 
OBJECTIVES 
 To transfer and optimize analytical protocols to measure “fallout” plutonium (Pu) in 
sediments using Sector Field ICPMS. 
 Use ICPMS to measure Pu activity and atom ratios in sediment cores from Oxbow Lakes 
in the Mississippi Delta to age-date the sediment. 
 Compare sediment core age-dating results for Pu with that for conventional 
radioanalytical analysis of 
137
Cs and 
210
Pb.   
 Determine the source(s) of Pu in the sediment using Pu isotopic signatures. 
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METHODS 
PLUTONIUM EXTRACTION, ISOLATION AND CONCENTRATION 
Sediment core samples from Washington Lake (WL1A) and Beasley Lake (BL1A) were 
analyzed for 
239
Pu, 
240
Pu and 
242
Pu isotopes. The sample weights used for BL1A and WL1A 
cores ranged from 1.7 to 2.5 grams and 4.5 to 5 grams respectively. The samples were weighed 
into a 20ml glass vial and dry ashed at 600ᵒC for 6 hours to remove organic matter. 50 pg of 
242
Pu (NIST 4334g) was added as a spike for isotope dilution analysis.  Five milliliters of 
16M HNO3 was added and the mixture was leached at 80ᵒC for 16 hours. The samples were 
filtered using vacuum filtration and filters of mesh size 0.45 microns. The filters were rinsed 
with 15ml of de - ionized water and the rinsing solution was combined with the filtrate. Twenty 
milligrams of ascorbic acid were added to the solution for the conversion of all the Pu (III) to Pu 
(IV). The solution is kept as such for 1 hour for the complete conversion of Pu (III) to Pu (IV). 
The molarity of this solution is 4. TEVA Resin columns were prepared using 5ml pipettes and 
TEVA Resin powder. The narrow end of the 5ml pipettes were clogged with glass wool and 0.1 
– 0.2gm TEVA Resin powder was added. The columns were conditioned by passing 5ml of 4M 
HNO3. 5ml of the sample solution were flushed through the column. During this step, Pu (IV) 
along with Np, Th and U is retained within the columns and other matrix elements are discarded. 
The columns were rinsed with 3ml of 4M HNO3 and 5ml of 1M HNO3. The left over sample 
solution was loaded into the column in 5ml aliquots each time followed by rinsing with 3ml of 
HNO3 and 5ml of 1M HNO3. The rinse step with 1M HNO3 allows wash out of the majority of 
the U from the column. A final rinse of the column with 20 ml of 9M HCl was performed to 
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wash out Th. Pu was eluted using 10ml of 0.02M HCl. The procedure is summarized in figures 
18 and 19. 
COLUMN CHEMISTRY 
The functional group in the TEVA Resin that extracts Pu from sample solutions is a 
quarternary ammonium salt (figure 16) [18]. 
 
Figure 16. TEVA Resin Quarternary Ammonium Salt [18] 
 
The assumed extraction equilibrium is as follows [18]: 
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In aqueous solutions, Pu can exist in Pu(III), Pu(IV), Pu(V), Pu(VI) and Pu(VII) 
oxidation states simultaneously [19]. Pu(III) and Pu(IV) are in general believed to be relatively 
insoluble in solutions compared to Pu(V) and Pu(VI) which are considered to be more soluble 
[19]. It has been reported that in 7M HNO3  solution, Pu(IV) can exist as a complex mixture of 
Pu(NO3)
2+
2,  Pu(NO3)4, and Pu(NO3)
2-
6  [19]. 
 Figure 17 presents the elution profiles of different radionuclides in HNO3 and HCl. Pu(IV) 
shows maximum retention within 2M-4M HNO3. In this range U(VI) tends to elute. When the 
samples are loaded on the TEVA Resin from 4M HNO3, Pu(IV) is retained. Th, which can 
interfere with Pu analysis, maybe eluted with 6M HCl [18].  
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Figure 17. TEVA Resin Elution profiles in HNO3 and HCl solutions [18]. 
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Figure 18. Sample preparation for Pu analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
5gm soil ashed at 
600ᵒC for 6 hours. 
50pg 
242
Pu tracer 
(NIST 4334g) was 
added to the samples. 
Acid leached with 5ml 
conc. HNO3 for 16 
hours at 80ᵒC in a hot 
block. 
Sample solution was 
filtered and residue 
was washed with 15ml 
DI water. 
Filtrate and residue 
wash solutions were 
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solution) 
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Solutions heated at 
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Cooled for another1 
hour. 
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Figure 19. Column Chemistry for Pu isotope separation 
 
 
 
 
 
 
 
 
 
 
 
 
 
TEVA resin column 
preconditioned with 
5ml of 3M HNO3 
 
Load solution of 5ml 
aliquot passed 
through the column. 
Column rinsed with: 
3ml 4M HNO3 ; 5ml 
1M HNO3 
 
 Rinses discarded. 
5ml of load solution passed through the 
column and rinsed with 3ml 4M HNO3 and 1M 
HNO3. Sample loading (5ml) and rinsing 
continued until entire sample is used up. 
Column rinsed 
with 20ml 9M 
HCL 
Pu eluted with  
10ml of 0.02M 
HCl. 
 
 
Quantified by 
SF-ICP-MS. 
 
 
46 
MEASURING PLUTONIUM ISOTOPES BY ICPMS  
 Sample handling preparation of standards and reagents were performed in clean rooms 
under laminar flow clean air benches to minimize the risk of contamination. All ICP-MS 
measurements were carried out using an Element XR (Thermo Fisher), figure 20. For measuring 
Pu isotopes, a high efficiency sample introduction system APEX desolvation unit was utilized to 
minimize hydride formation. SF-ICP-MS operating conditions are summarized in table 6. Use of 
SF-ICP-MS provides good accuracy and precision and detection limits within femtogram levels. 
The main issues associated with the determination of Pu isotopes are the following: 
a) Formation of 238U1H, 238U1H1H that cause interferences with 239Pu and 240Pu [15]. 
b) Tailing effect of 238U on the 239Pu  signal [16]. 
Uranium ideally should be removed from the sample solutions during resin treatment and before 
analysis as resolution of 
238
U
1
H is not possible using SF-ICP-MS [15]. 
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Figure 20. Schematic of Sector Field Inductively Coupled Plasma mass Spectrometry [20]. 
 
 
48 
Table 6. Operating Conditions of the SF-ICP-MS. 
Parameter 
 
Operating 
Condition 
Forward Power 
 
1450 
Cool gas flow rate 
 
16 L/min 
Auxiliury gas flow 
rate 
 
1.0 L/min 
Sample gas flow rate 
 
1.2 L/min 
Mass Window 
 
20 
Scan type 
 
Escan 
Integration window 
 
80 
Samples/peak  239Pu 150 
 
240
Pu 150 
 
242
Pu 50 
Dwell time 239Pu 0.1s 
 
240
Pu 0.1s 
 
242
Pu 0.01s 
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RESULTS AND DISCUSSION 
Table 7 shows the results for the determination of 
239
Pu, 
240
Pu concentration, 
239+240
Pu 
activity and 
240
Pu/
239
Pu atom ratio for Beasley lake open water core. 
241
Pu was too low in 
concentration to accurately measure and will not be reported here.  In some cases, concentrations 
of Pu determined by ICPMS were converted to activities using the specific activity of the isotope.  
The results for Washington and Roundaway lakes wetland core are presented in tables 19 and 20 
(appendix). Of the cores analyzed the Beasley Lake open water core has the best defined 
chronology [1]. The lake was recently found to show a reduction in sediment accumulation rates 
due to erosion control and cropping practices [1]. We analyzed sediment samples using both 
batch (resin beads mixed with the solution) and column methods.  Whereas Pu levels were found 
to be lower in the batch method, trends for both were similar (figure 21).  The peak Pu depth was 
in agreement with peak 
137
Cs depth.  Usually these peaks correspond to 1963, the peak year for 
fallout, but the 
210
Pb dating places them a few years later.  It is possible that the recent changes in 
sedimentation rates affected that determination.  In any case, the profiles show Pu peaks in 
general agreement with the conventional dating methods.   A core a greater number of samples 
(from Sky Lake) was also prepared for analysis with the hope of demonstrating an even better 
resolved peak profile, however due to instrument repair the samples were not analyzed by the 
time this report was completed. 
240
Pu/ 
239
Pu atom ratios averaged 0.177, consistent with a global fallout source. The Pu 
activity profile for Washington and Roundaway Lakes are shown in figures 22 and 23.  The data 
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suggests that these sediments were, to some extent, mixed since deposition.  This agrees with 
conventional dating results which showed data scatter indicative of mixing [1]. Interestingly, for 
Washington Lake the peak Pu level occurred at a depth of ~21 cm which is similar to the peak 
depth for 
137
Cs (18 cm, not shown).  In retrospect, these wetland cores were not the best choice 
for testing; but they do show that the method is useful for identifying cores that have 
uncharacteristic global fallout profiles, which in turn suggests that the core has been mixed and 
may not be the best choice for costly 
210
Pb dating. 
Table 7. Pu Summary table for Beasley Lake. 
Year Depth(cm) 239Pu(pg/g) 
 
240Pu(pg/g) 
 
240Pu/239Pu 
 
239+240Pu(Bq/kg) 
 
  
column batch column batch column batch column batch 
2003 6 0.94 0.10 0.18 0.02 0.19 0.21 3.65 0.39 
1992 16 1.04 0.17 0.18 0.03 0.17 0.18 3.89 0.63 
1982 23 1.51 0.13 0.24 0.03 0.16 0.20 5.49 0.50 
1971 47 2.72 1.07 0.42 0.25 0.16 0.23 9.82 4.55 
1966 60 2.41 0.31 0.46 0.06 0.19 0.21 9.43 1.25 
1963 68 0.06 0.06 0.02 0.01 0.25 0.25 0.27 0.24 
1953 90 1.69 0.43 0.30 0.09 0.18 0.21 6.43 1.74 
Avg 
 
1.48 0.32 0.26 0.07 0.19 0.21 5.57 1.33 
SD 
 
0.91 0.36 0.15 0.08 0.03 0.02 3.37 1.52 
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Figure 21. Depth vs. 
239+240
Pu activity for Beasley Lake
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Figure 22. Depth vs. 
239+240
Pu activity for Washington Lake
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Figure 23. Depth vs. 
239+240
Pu activity (Bq/kg) for Roundaway Lake 
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CONCLUSIONS  
This study has demonstrated that ICPMS can serve a useful role in rapidly identifying 
sediments that have experienced a degree of mixing since deposition, and thus it can be used as a 
screening tool, eliminating time-consuming and costly 
210
Pb analyses on such cores. Analyses of 
an undisturbed core yielded a Pu peak at a depth which is in good agreement with conventional 
137
Cs and 
210
Pb dating [1, 2].  The column method yielded better recoveries compared to the 
batch method.  Open water cores provided Pu profiles more conducive for dating compared to 
wetland cores which appeared to have been mixed since deposition.  Future work should include 
additional samples to obtain a higher resolution chronology. 
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CHAPTER 3: LEAD 
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INTRODUCTION 
LEAD IN SEDIMENTS 
 Pb has been mined and used by humans for several thousand years [21]. Deposits of Pb 
have characteristic isotopic composition [21].  Analyzing stable Pb isotopes (
206
Pb, 
207
Pb and 
208
Pb) and identifying the ratios (
206
Pb/
207
Pb and 
208
Pb/
207
Pb) can help in the determination of 
point sources of Pb contamination. Two well-known sources of Pb contamination are usage of 
leaded gasoline (~1924 – ~1960) and coal mining [21]. 
AGE-DATING OF SEDIMENTS USING 
210
Pb 
 Sediments are dated to determine the spatial and temporal patterns of metal deposition in 
an area, to determine the effectiveness of erosion control methods (figure 24 and 25), to manage 
reservoirs more effectively and ultimately to calculate the rates of sediment accumulation. 
Dating of sediments is done by using natural radio nuclides like 
210
Pb and 
14
C and artificial radio 
nuclides like 
137
Cs, 
239
Pu and 
240
Pu.
 210
Pb is a member of the 
238
U decay series. Half life of 
210
Pb 
is 22 years. The content of ‘supported’ 210Pb in soils is produced by the decay of 226Ra. 222Rn 
diffuses from the soil surface and decays in the atmosphere (figure 26). This results in the 
deposition of  ‘unsupported’ or ‘excess’ 210Pb combined with aerosol and moisture on the soil 
surface. 
210
Pb dating method is based on measuring and comparing the quantities of supported 
and unsupported 
210
Pb [25]. However there are two major limitations in applying this method. 
Firstly, mixing or displacement of sediment particles gives erroneous dates and secondly this 
method does not hold good for sediments more than 100 years old as no excess 
210
Pb can be 
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detected beyond the background level. 
210
Pb decays by emitting beta particles of energy 17 kev 
and 63.5 kev and gamma rays of energy 46.5kev [22]. The decay products are 
210
Bi and 
210
Po 
respectively.  
210Pb
Depth
ln
 e
x
 2
1
0
P
b
 
Figure 24. Plot of 
210
Pb activity (dpm/g) vs. depth in absence of an erosion control measure. 
Higher activity is seen at lower depths meaning more sedimentation[23] 
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Figure 25. Plot of 
210
Pb activity vs. depth after an erosion control structure is introduced 
[23]. 
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Figure 26. Upward diffusion of 
222
Rn and subsequent deposition of 
210
Pb (excess) on the 
sediment surface [17]. 
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OBJECTIVES 
 Determine the feasibility of using ICPMS for 210Pb age-dating of sediments 
 Analyze total-Pb in the sediment cores and determine changes with time (depth). 
 Determine Pb isotopic ratios in open water and wetland cores to see if they can be used to 
determine the source(s) of lead in Hampton and Washington lakes. 
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METHODS 
Wetland and open water sediment core samples from Lake Washington (WL1A and WL2 
respectively) and open water sediment samples from Hampton Lake (HL2A) were subjected to 
total Pb and Pb isotopes (
206
Pb, 
207
Pb, 
208
Pb and 
210
Pb) analysis. 
SAMPLE PREPARATION FOR TOTAL Pb ANALYSIS 
  Two grams of each sediment sample was weighed in a 20 ml glass vial and ashed in a 
muffle furnace at 600ᵒC for 6 hours. The ashed samples were transferred to already cleaned 50ml 
tubes and leached with 20ml of concentrated HNO3 for 8 hours in a hot block. The leached 
samples were filtered using filters of mesh size 0.45 microns and the leach-ate volume was made 
to 50ml with de-ionized water. 0.5ml liquid from the diluted leach-ate was transferred to 15ml 
clean centrifuge tubes and the volume was made up to 10ml with 2% HNO3. Sample preparation 
process is summarized in figure 27. 
SAMPLE PREPARATION FOR LEAD ISOTOPE (
206
Pb, 
207
Pb, 
208
Pb, 
210
Pb) ANALYSIS 
Two grams of each sediment sample was weighed in a 20ml glass vial and ashed in a 
muffle furnace at 600ᵒC for 6 hours. The ashed samples were transferred to already cleaned 50ml 
tubes and leached with 20ml of concentrated HNO3 for 8 hours in a hot block. The leached 
samples were filtered using vacuum filtration with filters of mesh size 0.45 microns and the 
leach-ate volume was made to 50ml with de-ionized water. 0.5ml liquid from the diluted leach-
ate was used for total Pb analysis. The remaining 49.5ml liquid was heated to complete dryness 
in a hot block. The volumes of the samples were made up to 10ml using 1M HNO3. Pb resin 
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columns were prepared by clogging the narrow end of 5000µl pipette tips with glass wool and 
filling it up with 0.1 - 0.2gm of Pb resin powder (100 - 150µm). The columns were conditioned 
by passing 5ml of 1M HNO3. The sample solutions were then loaded on to the columns and the 
eluent was discarded. The columns were washed using 20ml of 1M HNO3. This wash is 
performed to remove Bi and Fe if present. The eluent was discarded. 10ml of 0.1M HNO3 was 
added to the columns to remove any 
210
Po if present. Following the last wash, 40ml of 0.1M 
citric acid monohydrate solution was added to the columns and the eluent was collected in 50 ml 
centrifuge tubes. The solutions were heated to complete dryness in a hot block and the volumes 
were raised to 10ml with 1% HNO3. The sample solutions and two method blanks were then 
analyzed for 
206
Pb, 
207
Pb, 
208
Pb and 
210
Pb using Element XR (figure 20). Sample preparation and 
column chemistry processes are summarized in figures 27 and 28.  It should be noted that a Pb-
isotope reference material (NIST 981) was included in the analyses.   
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Figure 27. Sample Preparation for Pb analysis 
 
 
 
 
 
 
 
 
 
 
 Total Pb  Pb Isotope Analysis 
 
 
 
 
 
 
 
2.0g sediment sample 
ashed for 6 hours at 
600ᵒC 
Acid leached with 20ml 
conc. HNO3 for 16 hours 
at 80ᵒC in a hot block. 
Sample solution was 
filtered and residue was 
washed with 20ml DI 
water. 
Filtrate and residue wash 
solutions were combined. 
Volume was made up to 
50ml. (40% acid). 
0.5ml of the 50ml 
solution was 
transferred to 15ml 
centrifuge tube. 
49.5ml of the solution 
was transferred to 
50ml digestion 
vessels. 
The volume was 
raised to 10ml by 
2% HNO3. 
Solution was 
evaporated to 
complete dryness. 
Volume was made up 
to 10ml with 1M 
HNO3. 
Quantified by SF-
ICP-MS. 
 
 
Column load solution. 
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Figure 28. Column Chemistry for Pb isotope separation. 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pb resin column 
preconditioned with 
5ml of 1M HNO3 
Load solution passed 
through the column. 
Column rinsed with 
20ml of 1M HNO3 
(This rinse helps to 
remove 
210
Bi and Fe) 
Column rinsed with 
10ml of 0.1M 
HNO3.(This helps to 
remove 
210
Po) 
Eluted Pb with 40ml of 
0.1M citric acid. 
Solution heated to 
complete dryness and 
volume made up to 
10ml with 2% HNO3. 
 
 
 
Quantified by SF-ICP-MS. 
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COLUMN CHEMISTRY 
 The extractant in Pb resin 4,4”(5)-di-t-butylcyclohexano 18-crown-6 in isodecanol (figure 29). 
Figures 30 and 31 show the uptake of Pb with monovalent and divalent metal ions respectively. The 
retention capacity (k’) of Pb is higher than 100 in nitric acid concentrations ranging from 0.1M to 10M 
[24].  
 
Figure 29. 4,4"(5)-di-t-butylcyclohexano 18-crown-6 in isodecanol [24] 
The assumed extraction equilibrium is as follows [24]: 
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Figure 30. Nitric acid dependancy of selected monovalent metals on Pb resin [24]. 
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Figure 31. Nitric acid dependancy of selected divalent metals on Pb resin [24]. 
 
 
ICPMS Analysis 
 Sample handling preparation of standards and reagents were performed in clean rooms 
under laminar flow clean air benches to minimize the risk of contamination. All ICP-MS 
measurements were carried out using an Element XR (Thermo Fisher), figure 20. For total Pb 
and isotopic measurements (
206
Pb, 
207
Pb, 
208
Pb and 
210
Pb), a high efficiency sample introduction 
system APEX Q desolvation unit was utilized to minimize hydride formation. SF-ICP-MS 
operating conditions are summarized in table 8. Use of SF-ICP-MS provides good accuracy and 
precision and detection limits within femtogram levels.  
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The common polyatomic interferences in the detection of 
210
Pb are the following: 
a) Formation of a massive peak at mass 208. This peak tails to the adjacent masses 209 
and 210. This is from the ions losing energy by collisions with residual gas molecules 
in the analyzer [25]. 
b)  Formation of 208Pb1H1H. Since separation of stable and radioactive isotopes using 
chromatographic resins is impossible, the solution to this could be through hydrogen 
removal [25]. 
Table 8. Operating Conditions of the SF-ICP-MS 
Parameter Operating Condition 
Forward Power 1450 
Cool gas flow rate 16 L/min 
Auxiliury gas flow rate 1.0 L/min 
Sample gas flow rate 1.2 L/min 
Mass Window 5 
Scan type Escan 
Integration window 5 
Samples/peak 100 
Dwell time 0.05s 
 
 
 
 
 
 
 
 
69 
RESULTS AND DISCUSSION 
TOTAL-Pb:  The average lead concentrations and lead isotopic compositions of Washington 
Lake (WL1A and WL2) cores and Hampton Lake (HL2A) cores are given in table 9. Detailed Pb 
concentrations for the cores (WL1A, WL2, HL2A) are presented in the appendix (tables 21 – 23). 
Total Pb concentrations ranged from about 4-12 ppm in all the three sediment cores, which is 
slightly below the natural Pb content in soil [26].  The variation in total-Pb concentration with 
depth (time) for HL is presented in figure 21; the WL cores are not shown because chronology 
suggests that they were mixed since deposition.   The concentration rises from about 6 ppm 
during the early part of last century to ~12 ppm during the 1950’s and early 1960’s, a time when 
leaded gasoline use was relatively high, then diminishes to ~7 ppm in the most recent (surface) 
sediment.  The 6 ppm concentration likely reflects the background levels from naturally-
occurring lead.  Nevertheless, this profile should be viewed with caution until a more detailed 
profile with greater resolution (more samples) is determined.   
Table 9. Mean Pb Concentration and Pb Isotopic compositions in Washington and 
Hampton Lakes. 
Oxbow 
Lake ID 
Total-Pb 
(ppm) 
208
Pb/
207
Pb 
206
Pb/
207
Pb 
208
Pb/
206
Pb 
207
Pb/
206
Pb 
210
Pb 
(cps) 
WL1A 7.86 2.49 1.22 2.02 0.81 294 
WL2 4.03 2.47 1.22 2.03 0.82 219 
HL2A 8.48 2.48 1.22 2.03 0.82 400 
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Figure 32. Deposition date vs. Pb conc. in Hampton Lake 
 
LEAD ISOTOPES: Lead isotopes are the products of radioactive decay of other 
isotopes.  Their levels and distribution in a geologic sample depends in part upon the age and 
environmental conditions of the source material.  Isotopes of Pb have long been used in 
fingerprinting sources of Pb contamination [27].  This can be accomplished using a two 
component mixing diagram (isotopic plot).  A mixing diagram (figure 33) can be constructed by 
plotting two different ratios with common denominator of any two well established Pb sources. 
Samples that plot along a mixing line comprise of mixtures of both the end members. Samples 
that deviate from the line indicate a different source.  
Results for the three sediment cores (WL1A, WL2 and HL2A) are provided in the 
Appendix (Tables 21-23).  Overall, the mean 
207
Pb/
206
Pb isotopic ratio was 0.82, and the mean 
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208
Pb/
206
Pb ratio was 2.03. Replicate analysis of NIST 981 (~1.7 µg on column) resulted in a 
relative standard deviation (RSD) of 0.27 and 0.48 for 208/206 and 207/206, respectively.  
Experimentally established ratios differed from certified ratios by no more 0.42%.  Data herein 
were not corrected for mass bias, which is expected to be smaller than the observed 
experimentally variability.   
A mixing diagram was constructed based upon literature values, with “natural” Pb from 
mineral phases (e.g., iron oxides, aluminosilicates) in soil, American ores/leaded gasoline, and 
coal as possible end members (figure 34) [28, 29, 30, 31].  The lead isotopic signatures for the 
sediment samples generally fall on a straight line within the “natural” Pb region, but gasoline and 
coal can’t be ruled out.  Data scattering around the line between the end members likely reflects 
variability in the analysis rather than additional sources with different isotopic signatures.  
 
 
Figure 33. An example of two component mixing diagram [17] 
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Figure 34. 
208
Pb/
206
Pb vs. 
207
Pb/
206
Pb mixing diagram for sediments from Hampton and 
Washington Lakes [31] 
210
Pb: Determination of 
210
Pb in the sediment samples by ICP-MS proved to be difficult. 
The levels of 
210
Pb were expected to decrease with depth but instead we found a correlation with 
total Pb (figure 35) in Hampton Lake open water. This suggests that interference from stable Pb 
perhaps a 
208
PbHH
+
 and /or the tail of the large 
208
Pb (referred to as abundance sensitivity) peak 
is present.  Because we were unable to mitigate these interferences using different instrumental 
parameters and sample introduction techniques, further study was stopped.  Possible solutions to 
this problem include using a collision cell to minimize polyatomic interferences, and to increase 
sensitivity using the new jet-interface option for the ICPMS, which has been shown to enhance 
signal 100x.            
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Figure 35. 
210
Pb counts and total-Pb concentration versus depth (x axis). 
 
 
 
 
 
 
 
 
 
 
0 
2 
4 
6 
8 
10 
12 
14 
0 
100 
200 
300 
400 
500 
600 
700 
800 
900 
0 50 100 150 200 250 300 350 
T
o
ta
l 
P
b
 (
p
p
m
) 
2
1
0
-P
b
 (
cp
s)
 
Depth (cm) 
Hampton Lake Open Water 
210 Pb  
Total Pb 
 
 
74 
CONCLUSIONS AND FUTURE WORK 
The analytical procedure presented here allows total Pb and Pb isotope (
206
Pb, 
207
Pb, 
208
Pb) determinations at ppm levels in sediment samples using SF-ICP-MS.   Isotopic plots 
suggest that the Pb likely stems from natural sources, but both coal and leaded gasoline may 
provide a slight contribution.  This study demonstrates that ICP-MS promises to be a powerful 
tool for environmental studies using Pb ratios to detect different sources of Pb.  The results for 
210
Pb by ICPMS were less promising. The counts at mass 210 were low and subject to 
interferences. Two approaches are suggested to overcome these issues: increase sensitivity (a 
new jet-interface option has been shown to enhance signal >100x), and remove polyatomic 
interferences using a collision cell.   
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Table 10. Summary of Data for Beasley Lake Open Water (BL1A) 
ID Depth(cm) 
Deposition 
Date 
Hg Conc (ng/g) LOI (%) 
Bulk 
Density(g/cm
3
) 
Flux 
(ng/cm
2
/yr) 
BL1A - 1 1.12 2008 4.8 11.1 0.3 0.8 
BL1A - 2 2.24 2007 2.5 10.1 0.3 0.4 
BL1A - 3 3.36 2006 3.9 10.5 0.3 0.7 
BL1A - 4 4.48 2005 2.2 9.1 0.4 0.4 
BL1A - 5 5.6 2004 3.3 10.0 0.4 0.6 
BL1A - 6 6.72 2003 3.0 10.5 0.4 0.6 
BL1A - 7 7.84 2002 3.4 9.0 0.4 0.7 
BL1A - 8 8.96 2001 2.6 10.0 0.4 0.5 
BL1A - 10 11.2 1999 3.0 12.0 0.4 0.7 
BL1A - 11 12.32 1998 2.5 8.3 0.4 0.6 
BL1A - 13 14.56 1996 2.9 10.1 0.5 0.7 
BL1A - 15 16.8 1993 2.5 10.0 0.5 0.6 
BL1A - 16 17.92 1992 3.3 8.9 0.5 0.8 
BL1A - 19 21.28 1989 4.2 10.9 0.5 1.1 
BL1A - 22 24.64 1983 3.4 8.2 0.5 0.9 
BL1A - 23 25.76 1981 3.3 9.4 0.5 0.9 
BL1A - 24 26.88 1980 3.2 11.5 0.5 5.1 
BL1A - 25 28 1980 2.4 12.4 0.5 3.9 
BL1A - 26 29.12 1979 3.2 8.8 0.6 5.7 
BL1A - 27 30.24 1979 2.9 7.7 0.6 5.4 
BL1A - 28 31.36 1979 4.1 9.0 0.6 7.0 
BL1A - 29 32.48 1978 4.7 7.8 0.6 8.0 
BL1A - 30 33.6 1978 2.5 9.5 0.6 4.2 
BL1A - 31 34.72 1977 2.3 8.9 0.6 4.0 
BL1A - 32 35.84 1977 2.8 8.9 0.5 4.2 
BL1A - 33 36.96 1976 3.9 8.4 0.5 6.1 
BL1A - 34 38.08 1976 3.9 9.4 0.5 5.8 
BL1A - 35 39.2 1976 3.6 9.6 0.5 5.0 
BL1A - 36 40.32 1975 4.1 9.4 0.5 5.6 
BL1A - 37 41.44 1975 4.0 9.1 0.5 5.7 
BL1A - 38 42.56 1974 3.8 10.6 0.5 5.6 
BL1A - 39 43.68 1974 4.9 8.5 0.5 7.8 
BL1A - 40 44.8 1974 5.0 10.0 0.5 7.4 
BL1A - 41 45.92 1973 3.8 9.9 0.5 5.5 
BL1A - 42 47.04 1973 4.3 8.7 0.5 6.5 
BL1A - 43 48.16 1972 4.5 10.8 0.5 6.7 
BL1A - 44 49.28 1972 4.2 14.6 0.5 6.0 
 
 
83 
BL1A - 45 50.4 1972 3.1 9.9 0.5 4.5 
BL1A - 46 51.52 1971 6.0 8.5 0.5 8.9 
BL1A - 47 52.64 1971 4.4 9.4 0.5 6.7 
BL1A - 48 53.76 1970 4.6 9.4 0.5 6.8 
BL1A - 49 54.88 1970 3.8 3.8 0.4 5.1 
BL1A - 52 58.24 1969 3.2 10.5 0.4 4.1 
BL1A - 53 59.36 1969 3.7 11.5 0.4 4.6 
BL1A - 54 60.48 1968 6.0 10.8 0.4 7.5 
BL1A - 55 61.6 1968 4.1 10.1 0.4 5.1 
BL1A - 56 62.72 1967 3.3 12.8 0.4 4.0 
BL1A - 57 63.84 1967 2.9 12.9 0.4 3.6 
BL1A - 58 64.96 1967 5.3 11.9 0.4 6.6 
BL1A - 60 67.2 1966 2.4 10.0 0.4 2.9 
BL1A - 63 70.56 1965 3.6 13.0 0.4 4.5 
BL1A - 64 71.68 1964 2.9 13.4 0.4 3.7 
BL1A - 66 73.92 1964 3.4 12.6 0.5 4.6 
BL1A - 68 76.16 1963 3.6 10.1 0.5 5.0 
BL1A - 69 77.28 1963 3.1 11.4 0.5 4.2 
BL1A - 73 81.76 1961 3.9 9.8 0.5 5.7 
BL1A - 74 82.88 1961 3.4 9.4 0.5 5.0 
BL1A - 75 84 1960 3.3 9.8 0.5 4.9 
BL1A - 78 87.36 1959 4.2 10.8 0.5 5.9 
BL1A - 79 88.48 1959 3.4 10.9 0.5 4.9 
BL1A - 80 89.6 1959 4.3 11.6 0.5 6.2 
BL1A - 82 91.84 1957 3.8 10.6 0.5 5.7 
BL1A - 84 94.08 1957 4.5 14.0 0.4 5.3 
BL1A - 88 98.56 1955 4.0 16.2 0.3 4.2 
BL1A - 92 103.04 1954 4.5 25.7 0.3 4.4 
BL1A - 97 108.64 1952 4.6 14.2 0.3 4.8 
  
Mean  3.7 10.6 0.5 4.3 
  
SD 0.8 2.7 0.1 2.3 
D  
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Table 11. Summary of Data for Beasley Lake Wetland (BL2)  
ID  Depth(cm) 
Deposition 
Date  
Hg Conc. 
(ng/g) LOI (%) 
Bulk 
Density(g/cm
3
) Flux (ng/cm
2
/yr) 
BL2 - 1 1.6 2004 72.9 29.9 0.1 0.7 
BL2 - 3 4.7 1996 63 19.6 0.2 1.1 
BL2 - 4 6.3 1981 58.3 14.4 0.2 1.0 
BL2 - 5 7.9 1972 56.4 13.2 0.2 1.4 
BL2 - 6 9.5 1961 50.5 9.2 0.2 0.9 
BL2 - 11 17.4 1910 46.7 6.6 0.3 1.4 
BL2 - 12 19.0 1899 46 6.1 0.4 1.9 
BL2 - 13 20.5 1889 42.8 6.4 0.4 1.8 
BL2 - 15 23.7 1868 45.4 7.5 0.4 1.9 
BL2 - 19 30.0 1823 47.4 7.2 0.6 2.7 
BL2 - 20 31.6 1812 48.7 8.3 0.5 2.8 
BL2 - 22 34.8 1789 47.2 7.5 0.6 2.8 
BL2 - 30 47.4 1696 45.7 7.3 0.7 3.5 
BL2 - 34 53.7 1649 34 4.5 0.7 2.6 
BL2 - 35 55.3 1637 38.7 6.4 0.9 3.5 
BL2 - 39 61.6 1586 29.3 11 1.1 3.3 
BL2 - 40 63.2 1573 29.9 5.6 1.2 3.7 
BL2 - 44 69.5 1523 32.4 5.6 1.2 4.1 
BL2 - 45 71.1 1510 21 10.7 1.7 3.8 
BL2 - 47 74.3 1483 18.6 4.9 1.8 3.5 
BL2 - 50 79.0 1442 17.6 4.8 1.9 3.6 
BL2 - 53 83.7 1401 26.9 9.9 3.5 9.9 
BL2 - 55 86.9 1373 19.9 4.6 3.8 8.0 
BL2 - 58 91.6 1330 24.3 4.9 3.5 9.0 
  
Mean 40.2 9.0 1.1 3.3 
  
SD 14.9 2.7 1.1 2.4 
 
QUALITY ASSURANCE For Beasley Lake Data 
ID CRM Certified Hg Conc. (ng/g) Found Hg Conc. (ng/g) % Recovery 
1573a 37.1 41.0 120.0 
1573a 37.1 35.8 105.0 
1573a 37.1 34.4 101.0 
1573a 37.1 42.7 125.5 
1573a 37.1 34.9 102.6 
1573a 37.1 34.2 100.5 
1566b 37.1 42.2 113.7 
1566b 37.1 34.9 94.2 
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1566b 37.1 40.1 108.2 
1566b 37.1 36.3 98.2 
1566b 37.1 32.9 89.0 
1566b 37.1 32.9 88.9 
1566b 37.1 32.2 87.1 
1566b 37.1 31.1 83.9 
1566b 37.1 29.1 78.6 
1566b 37.1 33.3 89.9 
1566b 37.1 30.7 83.1 
1566b 37.1 29.5 79.6 
1566b 37.1 36.5 98.6 
1566b 37.1 34.8 94.1 
1566b 37.1 33.6 110.2 
1573a 34 33.7 99.1 
1573a 34 38.2 112.0 
1573a 34 31.4 92.4 
1573a 34 37.7 102.0 
        
Replicates Core Hg (ng/g) Core Hg Average (ng/g) Relative Percent Difference 
BL1a - 80 4.9 4.4 22.7 
BL1a - 80 3.9     
BL1a - 64 3.3 3.3 0 
BL1a - 64 3.3     
BL1a - 58 5.7 6.0 8.4 
BL1a - 58 6.2     
BL1a - 37 4.5 4.8 10.5 
BL1a - 37 5     
BL1a - 31 2.6 2.7 7.4 
BL1a - 31 2.8     
BL1a - 25 3.9 4.1 7.4 
BL1a - 25 4.2     
BL1a - 8 3.5 3.5 0 
BL1a - 8 3.5     
BL1a - 1 5.4 5.3 5.7 
BL1a - 1 5.1     
BL2 - 40 35.6 35.9 1.6 
BL2 - 40 36.19     
BL2 - 34 31.71 29.8 13.1 
BL2 - 34 27.81     
BL2 - 11 50 50.2 0.7 
BL2 - 11 50.33     
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Table 12. Summary of Data for Hampton Lake Open Water (HL2A) 
ID Depth(cm) 
Deposition 
Date 
Hg Conc. (ng/g) LOI (%) 
Bulk 
Density(g/cm
3
) 
Hg Flux 
(ng/cm
2
/yr) 
HL2A - 180 2.3 2008 10.5 12.8 0.3 14.5 
HL2A - 177 13.9 2005 6 9 0.4 9.9 
HL2A - 176 17.1 2004 7.5 10.4 0.4 13.0 
HL2A - 175 20.6 2004 5.2 9.8 0.5 11.8 
HL2A - 174 24.0 2003 10.4 7.4 0.3 16.1 
HL2A - 172 30.5 2001 6 8.3 0.3 7.1 
HL2A - 169 40.5 1999 7.6 12.3 0.4 14.9 
HL2A - 168 43.9 1998 7.4 9.7 0.4 14.4 
HL2A - 166 50.8 1997 9.6 8.5 0.4 18.9 
HL2A - 165 54.2 1996 10.5 11.3 0.4 21.5 
HL2A - 160 67.2 1993 7.4 9.2 0.4 14.8 
HL2A - 159 69.0 1993 7.2 8.1 0.4 14.6 
HL2A - 158 70.7 1993 9.9 9.2 0.4 20.0 
HL2A - 157 72.4 1992 8.1 7.7 0.4 16.8 
HL2A - 156 74.2 1992 9.5 7.5 0.4 19.4 
HL2A - 155 75.9 1992 7.9 7.5 0.4 16.3 
HL2A - 154 77.6 1991 9.6 8.9 0.5 20.4 
HL2A - 153 79.4 1991 9.8 9 0.5 20.9 
HL2A - 152 81.6 1990 9 9.3 0.4 16.7 
HL2A - 151 84.2 1990 7.8 9 0.5 19.1 
HL2A - 150 86.5 1989 8.6 8.9 0.5 18.8 
HL2A - 149 88.3 1989 11.2 8.1 0.5 25.8 
HL2A - 148 90.1 1988 8.7 9 0.5 19.1 
HL2A - 147 91.9 1988 8.8 9 0.5 19.6 
HL2A - 145 95.5 1987 10.9 9 0.5 24.5 
HL2A - 139 106.4 1985 6.2 9.5 0.5 14.4 
HL2A - 137 110.1 1984 9.8 8.3 0.6 28.4 
HL2A - 136 112.0 1984 8 9.1 0.5 19.7 
HL2A - 135 113.9 1983 8.6 7.4 0.5 21.0 
HL2A - 134 115.8 1983 9.3 9.1 0.5 23.0 
HL2A - 133 117.7 1982 11.8 9.2 0.5 27.9 
HL2A - 132 119.5 1982 12.4 8.9 0.5 28.3 
HL2A - 131 121.4 1982 7.9 7.8 0.5 18.1 
HL2A - 130 123.2 1981 9.7 7.8 0.5 21.9 
HL2A - 129 125.0 1981 6.9 8.7 0.5 15.3 
HL2A - 128 126.8 1980 12.2 8.4 0.5 27.0 
HL2A - 127 128.6 1980 9.4 8.1 0.5 20.4 
HL2A - 126 130.3 1980 11.8 7.8 0.5 25.9 
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HL2A - 122 137.7 1978 9.8 9.1 0.6 26.2 
HL2A - 119 143.1 1977 9 9.4 0.5 20.0 
HL2A - 118 144.9 1976 10.4 8.3 0.6 26.7 
HL2A - 117 146.8 1976 10.5 9.5 0.5 23.1 
HL2A - 116 148.6 1976 8.9 8.9 0.5 19.7 
HL2A - 115 150.4 1975 9.2 11.4 0.5 22.1 
HL2A - 114 152.2 1975 17.9 8.9 0.4 35.5 
HL2A - 112 155.6 1974 12.2 10.3 0.4 23.9 
HL2A - 111 157.3 1974 8.2 10.3 0.4 15.6 
HL2A - 110 159.0 1973 8.9 8 0.4 15.6 
HL2A - 108 162.4 1973 9.1 9.1 0.4 18.4 
HL2A - 107 164.1 1972 9.3 9.2 0.5 19.5 
HL2A - 99 177.7 1969 9.8 14.7 0.4 19.3 
HL2A - 98 179.5 1969 11.2 9.4 0.4 22.9 
HL2A - 97 181.2 1969 10.1 9.3 0.4 20.2 
HL2A - 96 182.9 1968 8 9.6 0.4 16.0 
HL2A - 95 184.6 1968 9.5 11 0.4 18.9 
HL2A - 94 186.4 1967 11.8 9.1 0.4 24.1 
HL2A - 92 189.8 1967 9 10.3 0.5 18.7 
HL2A - 91 191.6 1966 12.1 9.8 0.5 25.3 
HL2A - 90 193.3 1966 11.8 10.3 0.4 23.8 
HL2A - 89 195.0 1966 11.9 11.5 0.4 24.2 
HL2A - 87 198.5 1965 10.2 8.7 0.4 20.8 
HL2A - 81 209.0 1963 9.7 8.6 0.5 21.7 
HL2A - 80 210.9 1962 8.3 9.1 0.5 18.8 
HL2A - 79 212.7 1962 11.6 10.4 0.5 25.6 
HL2A - 78 214.4 1961 9 9.4 0.5 19.4 
HL2A - 77 216.2 1961 7.9 10.2 0.5 17.2 
HL2A - 76 218.0 1961 10.9 9.9 0.5 24.1 
HL2A - 75 219.8 1960 9.5 9.1 0.5 21.4 
HL2A - 74 221.6 1960 11.3 8.7 0.5 25.4 
HL2A - 73 223.4 1959 11.5 9.3 0.5 25.2 
HL2A - 72 225.2 1959 13.4 8.9 0.5 29.1 
HL2A - 71 227.0 1959 15.5 10.8 0.5 32.2 
HL2A - 70 228.7 1958 15.4 11.9 0.5 34.2 
HL2A - 69 230.5 1958 13.4 9.6 0.5 29.9 
HL2A - 63 241.1 1956 7.4 9.5 0.5 15.6 
HL2A - 62 242.9 1955 11.6 10.7 0.4 23.2 
HL2A - 61 244.6 1955 11.3 10.7 0.4 22.4 
HL2A - 60 246.3 1954 11.9 10.8 0.4 23.6 
HL2A - 59 248.0 1954 13.8 10.7 0.4 28.1 
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HL2A - 57 251.5 1953 9.7 14.2 0.4 19.0 
HL2A - 56 253.1 1953 10.9 15 0.4 18.9 
HL2A - 55 254.7 1953 10.7 17.5 0.3 16.3 
HL2A - 54 256.3 1952 11.9 18.4 0.3 17.9 
HL2A - 53 257.9 1952 11.8 18.8 0.4 21.3 
HL2A - 44 273.5 1949 8.3 14.9 0.4 14.1 
HL2A -42 276.7 1948 8.5 13.2 0.4 14.9 
HL2A - 40 280.0 1947 10.1 13.9 0.4 17.8 
HL2A - 39 281.6 1947 8.4 13.2 0.4 14.4 
HL2A - 38 283.2 1946 6.1 15.2 0.3 9.8 
HL2A - 37 284.8 1946 6.9 15.7 0.3 10.7 
HL2A - 36 286.4 1946 7 14.3 0.3 11.0 
HL2A - 35 288.0 1945 7 15.3 0.3 10.8 
HL2A - 34 289.5 1945 8.2 16 0.3 12.6 
HL2A - 33 291.1 1945 7.4 18.8 0.3 11.3 
HL2A - 32 292.6 1944 7.4 13 0.3 11.2 
HL2A - 25 305.2 1942 9.9 17.3 0.3 15.1 
HL2A - 24 306.7 1941 7.4 13.6 0.3 10.9 
HL2A - 23 308.3 1941 8.5 18.4 0.3 12.0 
HL2A - 22 309.8 1941 8.2 18.1 0.3 11.2 
HL2A - 21 311.3 1940 9.3 17.7 0.3 12.7 
HL2A - 20 312.8 1940 8 18.9 0.3 10.9 
HL2A - 15 319.9 1938 6.5 20 0.3 8.7 
HL2A - 14 321.4 1938 7.4 19 0.3 9.9 
HL2A - 13 322.9 1938 7.9 19.5 0.3 10.7 
HL2A - 12 324.4 1937 7.9 19.5 0.3 10.6 
HL2A - 11 325.9 1937 31.1 19.5 0.3 42.0 
HL2A - 10 327.4 1937 31 19.9 0.3 41.9 
HL2A - 9 328.9 1936 9.9 19.5 0.3 13.5 
HL2A - 8 330.4 1936 8.4 19.1 0.3 11.5 
HL2A - 7 331.9 1936 8.2 19.8 0.3 11.3 
HL2A - 6 333.4 1936 8.9 18.9 0.3 12.0 
  
Mean  9.9 11.6 0.4 19.2 
  
SD 3.6 3.8 0.07 6.7 
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Table 13. Summary of Data for Hampton Lake Wetland (HL9) 
ID 
Depth 
(cm) 
Deposition 
date 
Hg 
Conc.(ng/g) 
LOI (%) 
Bulk 
Density(g/cm
3
) 
Hg Flux (ng/cm
2
/yr) 
HL9 - 2 3.2 1976 94.8 21 0.7 6.3 
HL9 - 6 11.5 1891 74.1 10.2 0.9 6.2 
HL9 - 7 13.9 1865 79.5 9.9 1.0 7.7 
HL9 - 9 18.3 1820 51.6 5.5 1.4 6.8 
HL9 - 10 20.0 1803 45.5 5.2 1.4 6.1 
HL9 - 11 21.8 1784 53.5 5.3 1.4 7.4 
HL9 - 12 23.6 1765 74.3 4 1.4 10.3 
HL9 - 13 25.5 1719 68.3 5.6 1.4 9.5 
HL9 - 14 27.3 1635 34.6 4.8 1.5 4.9 
HL9 - 15 29.2 1551 55.4 4.6 1.5 8.0 
HL9 - 16 31.2 1468 35.6 4.8 1.5 5.1 
HL9 - 17 33.2 1382 55.1 5.1 1.5 8.0 
HL9 - 18 35.2 
 
62 4.9 1.5 9.1 
HL9 - 19 37.2 
 
86.9 5.2 1.5 12.8 
HL9 - 20 39.2 
 
56.1 4.2 1.5 8.2 
HL9 - 21 41.3 
 
76.3 4.3 1.5 11.4 
HL9 - 22 43.3 
 
58.7 4.5 1.5 8.7 
HL9 - 23 45.4 
 
5 5.3 1.5 0.7 
HL9 - 24 47.4 
 
55 4.5 1.5 8.0 
HL9 - 25 49.4 
 
50.9 5.2 1.5 7.4 
HL9 - 26 51.4 
 
67.6 5.1 1.5 9.9 
HL9 - 27 53.4 
 
6.9 4.9 1.5 1.0 
HL9 - 28 55.5 
 
73.5 4.8 1.6 11.1 
HL9 - 29 57.6 
 
14.7 4.5 1.5 2.2 
HL9 - 30 59.7 
 
60.1 4.7 1.5 9.0 
HL9 - 31 61.8 
 
56.5 5.1 1.5 8.5 
HL9 - 32 63.9 
 
51.1 4.3 1.5 7.7 
HL9 - 33 66.0 
 
72.1 5.1 1.5 10.7 
HL9 - 34 68.0 
 
28.6 4.5 1.5 4.2 
HL9 - 35 70.0 
 
69.1 3.2 1.5 10.3 
HL9 - 36 72.1 
 
59.1 4.7 1.5 8.8 
HL9 - 37 74.2 
 
80.8 4.7 1.5 12.1 
HL9 - 38 76.3 
 
41 4.7 1.5 6.1 
HL9 - 39 78.4 
 
61.7 4.7 1.5 9.3 
HL9 - 40 80.5 
 
60.4 4.1 1.6 9.2 
HL9 - 41 82.7 
 
48.4 4.1 1.6 7.3 
HL9 - 42 84.8 
 
65.3 4.1 1.6 9.8 
HL9 - 43 86.9 
 
77 3.8 1.5 11.5 
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HL9 - 44 88.9 
 
48.9 5 1.5 7.2 
HL9 - 45 91.0 
 
46.3 5 1.5 6.8 
HL9 - 46 93.0 
 
73.8 4.3 1.5 10.9 
HL9 - 47 95.1 
 
59.7 4.3 1.5 8.9 
HL9 - 48 97.1 
 
36.8 1.3 1.5 5.5 
HL9 - 49 99.2 
 
83.7 3.7 1.5 12.6 
HL9 - 50 101.3 
 
89.5 3.8 1.6 13.6 
HL9 - 51 103.5 
 
73.5 4 1.6 11.2 
HL9 - 52 105.7 
 
84.4 3.6 1.6 12.8 
HL9 - 53 107.8 
 
76.1 0.8 1.5 11.4 
HL9 - 54 109.9 
 
84 4.2 1.5 12.5 
HL9 - 56 114.1 
 
87.3 3.7 1.6 13.2 
HL9 - 57 116.3 
 
87 4.4 1.6 13.4 
HL9 - 58 118.5 
 
76.2 3.6 1.6 11.8 
HL9 - 59 120.7 
 
75.7 3.5 1.6 11.7 
HL9 - 60 122.9 
 
82.1 3.8 1.6 12.6 
HL9 - 61 125.1 
 
75.3 3.4 1.6 11.5 
HL9 - 62 127.3 
 
74 4.4 1.6 11.3 
HL9 - 63 129.5 
 
96.8 4.5 1.6 14.7 
HL9 - 64 131.6 
 
97 4.2 1.6 14.6 
HL9 - 65 133.7 
 
66.8 3.8 1.5 10.0 
  
Mean 63.4 4.8 1.5 9.1 
  
SD 20.6 2.5 0.2 3.1 
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QUALITY ASSURANCE 
ID CRM 
Certified Hg Conc. 
(ng/g) 
Found Hg Conc. (ng/g) % Recovery 
1573a 34 30.9 90.8 
1573a 34 37.1 109 
1573a 34 31.2 91.7 
1573a 34 38.3 112.6 
1573a 34 27.8 81.7 
1573a 34 32.9 96.7 
1573a 34 37 109 
1573a 34 41.8 123 
1573a 34 33.2 97.6 
1573a 34 40.1 117.9 
1573a 34 34.8 102 
1573a 34 41.5 120 
1573a 34 32.8 96.4 
1573a 34 39.5 116 
1573a 34 33.9 99.7 
1573a 34 41.4 121.7 
1573a 34 29.7 87 
1573a 34 36.2 106 
        
Replicates Core Hg (ng/g) Core Hg Average (ng/g) 
Relative Percent 
Difference 
HL2A - 177 6.6 6.7 3.1 
HL2A - 177 6.8     
HL2A - 160 8.2 8.2 1.2 
HL2A - 160 8.3     
HL2A - 169 7.6 7.8 5.7 
HL2A - 169 8.1     
HL2A - 129 7.6 7.5 1.7 
HL2A - 129 7.5     
HL2A - 116 9.8 9.8 0.8 
HL2A - 116 9.9     
HL2A - 70 15.4 14.2 17.0 
HL2A - 70 13.0     
HL2A - 56 12.8 13.3 7.1 
HL2A - 56 13.8     
HL2A - 32 7.4 7.9 12.2 
HL2A - 32 8.3     
HL2A - 24 8.6 8.9 5.9 
HL2A - 24 9.1     
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HL2A - 21 10.5 10.7 2.8 
HL2A - 21 10.8     
HL2A - 12 9.5 9.6 2.3 
HL2A - 12 9.7     
HL9 - 58 80.8 80.4 1.2 
HL9 - 58 79.9     
HL9 - 40 63.0 63.1 0.3 
HL9 - 40 63.2     
HL9 - 37 84.8 85.8 2.2 
HL9 - 37 86.7     
HL9 - 25 53.7 53.7 0.3 
HL9 - 25 53.6     
HL9 - 21 83.3 81.4 4.5 
HL9 - 21 79.6     
HL9 - 12 77.4 78.1 1.6 
HL9 - 12 78.7     
HL2A - 9 12.3 12.3 0.3 
HL2A - 9 12.3     
CRM and blanks were run every 10 samples. 
 
Table 14. Summary of Data for Washington lake Open Water (WL2) 
ID 
Depth 
(cm) 
Deposition 
Date 
Hg Conc. 
(ng/g) 
LOI % 
Bulk 
Density(g/cm
3
) 
Hg Flux 
(ng/cm
2/
yr) 
WL2 - 1 1 2008 72.7 11.9 0.5 13.4 
WL2 - 6 6 1999 61.5 9.8 0.4 10.7 
WL2 - 11 11 1990 92.4 12.6 0.7 24.3 
WL2 - 16 16 1979 103.5 11.9 0.7 27.1 
WL2 - 21 21 1968 47.2 3.8 1.2 22.9 
WL2 - 26 26 1944 48.0 5.0 1.2 23.0 
WL2 - 31 31 1922 19.3 1.5 1.5 11.4 
WL2 - 36 36 1896 15.1 1.6 1.6 9.4 
WL2 - 41 41 1869 21.7 1.7 1.6 13.6 
WL2 - 46 46 1843 15.1 1.3 1.5 9.3 
WL2 - 51 51 1817 29.3 2.8 1.4 16.8 
WL2 - 56 56 1792 41.3 2.5 1.4 23.7 
WL2 - 61 61 1768 31.6 3.0 1.3 17.0 
WL2 - 66 66 1747 60.5 11.6 0.7 17.4 
WL2 - 71 71 1736 81.4 12.9 0.7 24.2 
WL2 - 76 76 1723 52.4 7.6 1.0 20.6 
WL2 - 81 81 1706 49.2 7.3 1.3 25.7 
WL2 - 86 86 1684 31.6 3.0 1.4 17.7 
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WL2 - 91 91 1661 42.6 5.3 1.3 22.3 
WL2 - 96 96 1641 61.8 6.9 1.2 29.8 
WL2 - 101 101 1621 60.4 7.4 1.3 30.6 
WL2 - 106 106 1601 60.0 7.6 1.2 29.8 
WL2- 111 111 1583 61.7 7.6 1.2 29.7 
WL2 - 121 121 1545 49.3 8.2 1.2 23.9 
WL2 - 126 126 1526 49.7 7.5 1.2 24.1 
  
Mean  50.4 6.5 1.2 20.7 
  
SD 22.2 3.8 0.3 6.7 
 
Table 15. Summary of Data for Washington lake Wetland (WL1A) 
ID Depth(cm) 
Deposition 
Date 
Hg Conc. 
(ng/g) LOI % 
Bulk 
Density(g/cm
3
) Flux(ng/cm
2
/yr) 
WL1A - 1 1 2008 100.9 18.6 0.1 8.2 
WL1A - 4 4 2005 90.4 17.8 0.1 8.0 
WL1A - 8 8 2000 133.3 12.8 0.2 17.1 
WL1A - 11 11 1995 83.1 7.8 0.4 18.4 
WL1A - 21 21 1980 83.2 8.3 0.3 17.4 
WL1A - 26 26 1971 74.4 6.0 0.7 29.6 
WL1A - 31 31 1961 76.6 7.0 0.5 24.3 
WL1A - 41 41 1944 80.7 7.9 0.5 23.4 
WL1A - 46 46 1936 70.6 7.3 0.5 19.7 
WL1A - 51 51 1926 79.2 7.9 0.5 22.2 
WL1A - 56 56 1918 72.1 8.2 0.5 19.7 
WL1A - 61 61 1910 69.7 10.6 0.4 17.5 
WL1A - 66 66 1902 76.6 10.3 0.4 18.9 
WL1A - 71 71 1894 70.6 9.2 0.4 17.9 
WL1A - 81 81 1878 77.1 6.8 0.4 19.3 
WL1A - 86 86 1870 73.2 11.2 0.4 18.2 
WL1A - 91 91 1862 72.0 10.2 0.4 18.1 
WL1A - 96 96 1854 81.1 13.0 0.4 21.5 
WL1A - 101 101 1846 84.1 9.8 0.5 22.8 
WL1A - 111 111 1829 72.7 9.6 0.5 20.7 
WL1A - 116 116 1820 89.6 8.5 0.5 27.3 
WL1A - 121 121 1811 74.9 7.8 0.6 25.1 
WL1A - 126 126 1804 62.0 8.4 0.6 20.6 
WL1A - 131 131 1793 73.6 8.5 0.5 24.1 
WL1A - 136 136 1784 66.9 7.3 0.6 24.1 
WL1A - 141 141 1775 93.4 8.9 0.5 28.9 
WL1A - 146 146 1766 85.2 6.7 0.7 34.0 
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WL1A - 151 151 1756 73.2 8.8 0.6 25.3 
WL1A - 156 156 1747 121.1 7.1 0.6 40.9 
WL1A - 161 161 1738 75.4 4.8 0.6 25.5 
WL1A - 166 166 1728 80.0 8.6 0.6 28.5 
WL1A - 171 171 1719 94.3 7.9 0.6 35.2 
WL1A - 176 176 1709 130.4 7.3 0.7 55.6 
WL1A - 181 181 1697 103.4 6.3 0.8 48.2 
WL1A - 186 186 1687 86.9 3.8 0.7 37.1 
WL1A - 196 196 1658 120.3 6.9 1.2 87.7 
WL1A - 201 201 1648 19.0 7.7 1.0 11.4 
WL1A - 211 211 1608 27.7 1.2 1.7 28.6 
  
Mean 81.5 8.6 0.6 26.1 
  
SD 22.0 3.2 0.3 14.1 
 
QUALITY ASSURANCE 
ID CRM 
Certified Hg Conc. 
(ng/g) 
Found Hg Conc. (ng/g) % Recovery 
MESS -3 91 92.3 101.5 
MESS -3 91 87.6 96.3 
MESS -3 91 92.0 101.1 
MESS -3 91 86.3 94.8 
MESS -3 91 86.2 94.8 
MESS -3 91 88.3 97.0 
MESS -3 91 89.3 98.1 
MESS -3 91 92.3 101.4 
MESS -3 91 95.2 104.6 
MESS -3 91 90.2 99.1 
MESS -3 91 97.5 107.1 
MESS -3 91 82.9 91.1 
MESS -3 91 86.4 94.9 
        
Replicates Core Hg (ng/g) Core Hg Average (ng/g) Relative Percent Difference 
WL1A - 141 102.5 94.7 16.5 
WL1A - 141 86.9     
WL1A - 86 82.4 82.2 0.48 
WL1A - 86 82.0     
WL1A - 56 78.6 77.7 2.1 
WL1A - 56 76.9     
WL1A - 46 71.1 70.9 0.7 
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WL1A - 46 70.6     
WL2 - 111 66.7 64.9 5.7 
WL2 - 111 63.0     
WL2 - 36 15.3 17.8 27.6 
WL2 - 36 20.2     
WL2 - 6 68.1 68.3 0.6 
WL2 - 6 68.5     
CRM and blanks were run after every 10 samples. 
 
Table 16. Summary of Data for Roundaway Lake Wetland (RL1A) 
ID Depth(cm) 
Deposition 
Date 
Hg Conc. 
(ng/g) 
LOI(%) 
Bulk 
Density(g/cm
3
) 
Flux(ng/cm
2
/yr) 
RL1A - 6 6 2000 70.2 9.5 0.4 12.9 
RL1A - 11 11 1991 64.3 9.0 0.4 12.3 
RL1A - 16 16 1982 48.9 9.3 0.4 9.6 
RL1A - 21 21 1973 60.9 7.6 0.4 12.5 
RL1A - 26 26 1963 48.9 8.9 0.5 11.7 
RL1A - 31 31 1954 63.6 8.1 0.4 13.2 
RL1A - 36 36 1945 60.5 8.2 0.4 12.6 
RL1A - 46 46 1925 65.8 7.8 0.5 16.1 
RL1A - 51 51 1906 61.2 7.1 0.5 16.1 
RL1A - 56 56 1886 60.2 7.6 0.6 17.1 
RL1A - 61 61 1863 60.5 8.4 0.6 18.0 
RL1A - 66 66 1841 63.6 7.0 0.7 21.3 
RL1A - 71 71 1818 58.7 6.3 0.7 21.6 
  
Mean 60.6 8.1 0.5 15.0 
  
SD 6.0 0.9 0.1 3.6 
 
QUALITY ASSURANCE 
ID CRM 
Certified Hg Conc. 
(ng/g) 
Found Hg Conc. (ng/g) % Recovery 
1573a 34 30.8 90.5 
1573a 34 29.5 86.7 
1573a 34 28.7 84.4 
        
Replicates Core Hg (ng/g) Core Hg Average (ng/g) Relative Percent Difference 
RL1A - 71 62.6 64.8 6.8 
RL1A - 71 67     
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Table 17. Summary of Data for Wolf Lake Wetland (WF1) 
ID Depth(cm) 
Deposition 
Date 
Hg Conc. 
(ng/g) 
LOI(%) 
Bulk 
Density(g/cm
3
) 
Flux(ng/cm
2
/yr) 
WF1 - 1 1 2009 60.4 9.4 0.3 20.8 
WF1 - 11 11 2001 57.0 11.4 0.4 22.7 
WF1 - 16 16 1997 56.9 13.5 0.4 23.6 
WF1 - 21 21 1997 53.7 8.1 0.4 24.6 
WF1 - 26 26 1996 53.7 8.3 0.5 26.3 
WF1 - 31 31 1995 59.6 13.4 0.5 32.2 
WF1 - 36 36 1994 54.5 7.8 0.5 30.7 
WF1 - 41 41 1993 54.9 7.5 0.5 31.2 
WF1 - 46 46 1992 55.8 7.6 0.5 32.9 
WF1 - 51 51 1992 58.8 7.7 0.6 36.0 
WF1 - 56 56 1991 61.2 7.5 0.6 37.0 
WF1 - 61 61 1990 66.2 8.3 0.6 39.6 
WF1 - 66 66 1989 52.5 8.5 0.6 33.9 
WF1 - 71 71 1988 57.9 6.6 0.6 39.9 
WF1 - 81 81 1986 71.7 7.5 0.6 46.9 
WF1 - 86 86 1985 55.4 7.9 0.6 33.8 
WF1 - 91 91 1984 61.0 7.9 0.6 38.9 
WF1 - 96 96 1983 55.0 7.5 0.7 39.2 
WF1 - 101 101 1982 61.9 7.4 0.7 44.0 
WF1 - 106 106 1981 57.4 7.0 0.7 41.2 
WF1 - 111 111 1980 57.1 7.8 0.7 45.7 
WF1 - 116 116 1978 60.0 6.9 0.7 45.3 
WF1 - 121 121 1977 61.8 7.0 0.7 44.3 
WF1 - 126 126 
 
57.1 7.6 0.8 46.9 
  
Mean 58.4 8.3 0.6 35.7 
  
SD 4.3 1.8 0.1 8.1 
 
 
QUALITY ASSURANCE 
ID CRM Certified Hg Conc.(ng/g) Found Hg Conc. (ng/g) % Recovery 
1573a 34 31.1 91.7 
1573a 34 30.4 89.4 
1573a 34 30.8 91 
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Replicates Core Hg(ng/g) Core Hg Average (ng/g) Relative Percent Difference 
WF1 - 31 68.1 70.4 6.6 
WF1 - 31 72.7     
WF1 - 36 59.7 59.5 0.7 
WF1 - 36 59.3     
CRM and blanks were run every 10 samples. 
 
Table 18. Summary of Data for Sky Lake Open Water (SL5) 
ID Depth(cm) Hg Con. (ng/g) LOI(%) Bulk Density(g/cm
3
) Flux (ng/cm
2
/yr) 
SL5 - 1 1 51.3 11.5 0.6 30.9 
SL5 - 6 6 55.4 10.9 0.6 33.0 
SL5 - 11 11 1.9 11.9 0.6 1.1 
SL5 - 16 16 56.0 11.4 0.9 48.5 
SL5 - 21 21 2.4 13 0.3 0.7 
SL5 - 26 26 2.6 15.2 0.5 1.4 
SL5 - 31 31 2.4 16.8 0.5 1.1 
SL5 - 36 36 2.4 19.5 0.4 0.9 
SL5 - 41 41 61.7 25.9 0.3 20.7 
SL5 - 46 46 2.3 29.7 0.3 0.7 
SL5 - 51 51 53.3 27.9 0.3 14.9 
SL5 - 56 56 57.5 27.1 0.3 16.2 
SL5 - 61 61 53.9 26.2 0.3 14.7 
SL5 - 66 66 52.9 27.6 0.3 14.4 
SL5 -71 71 50.3 29.1 0.3 13.9 
SL5 - 76 76 54.5 28.5 0.5 27.1 
SL5 - 81 81 50.9 29.3 0.3 13.4 
SL5 - 86 86 43.9 30.6 0.3 12.2 
SL5 - 91 91 39.7 29.7 0.3 11.2 
SL5 -96 96 28.6 21.8 0.4 10.4 
SL5 - 101 101 28.1 15.1 0.5 12.8 
SL5 - 106 106 29.0 11 0.4 12.5 
SL5 - 111 111 25.4 12.2 0.4 10.3 
SL5 -116 116 24.5 11.4 0.4 9.9 
SL5 - 121 121 17.1 13.1 0.4 7.1 
SL5 - 126 126 19.5 11.8 0.5 10.7 
SL5 - 131 131 20.8 5.9 0.6 11.8 
SL5 - 136 136 19.6 3.5 0.6 12.3 
 
Mean 32.4 18.8 0.4 13.4 
 
SD 21.0 8.5 0.1 10.9 
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QUALITY ASSURANCE 
ID CRM 
Certified Hg 
Conc.(ng/g) 
Found Hg Conc. 
(ng/g) % Recovery 
MESS - 3 91 104.2 114.5 
MESS - 3 91 91 100 
MESS - 3 91 103.0 113.2 
MESS - 3 91 92.2 101.3 
MESS - 3 91 99.94 109.8 
MESS - 3 91 92.35 101.5 
    
Replicates Core Hg (ng/g) 
Core Hg Average 
(ng/g) Relative Percent Diff. 
SL5 - 26 2.78 2.73 3.80 
SL5 - 26 2.68 
  SL5 - 96 36.55 36.86 1.68 
SL5 - 96 37.16 
  SL5 - 136 20.33 23.10 27.18 
SL5 - 136 25.86 
  CRM and blanks were run every 10 samples. 
 
Table 19. Pu concentration, 
240
Pu/
239
Pu ratio and
 239+240
Pu activity for Roundaway Lake (RL1A) 
Year Depth(cm) 
Concentration 
(ppt) 
Concentration 
(ppt) 
Ratio Activity (Bq/Kg) 
  
239
Pu 
240
Pu 
240
Pu/
239
Pu 
239+240
Pu  
1991 11 0.03 0.01 0.17 0.13 
1982 16 0.04 0.01 0.18 0.14 
1973 21 0.04 0.01 0.18 0.16 
1963 26 0.04 0.01 0.18 0.16 
1954 31 0.05 0.01 0.17 0.18 
1945 36 0.05 0.01 0.17 0.18 
1925 46 0.05 0.01 0.17 0.20 
1906 51 0.06 0.01 0.17 0.22 
1886 56 0.05 0.01 0.16 0.18 
Avg 
 
0.05 0.01 0.17 0.17 
SD 
 
0.008 0.001 0.007 0.028 
  
Activity(mBq/g) Recovery (%)    Atom Ratio (
240
Pu/
239
Pu) 
Reference Material* 
(Cert. Value) 6.56±0.20 
100.9 
0.1915±0.0030 
Reference Material* 
(Found Value) 6.62 0.17 
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Table 20. Pu concentration, 
240
Pu/
239
Pu ratio and 
239+240
Pu activity for Washington Lake (WL1A) 
Year Depth Concentration (ppt) Ratio Activity (Bq/Kg) 
  
239
Pu 
240
Pu 
240
Pu/
239
Pu 
239+240
Pu 
2008 1 0.14 0.03 0.18 0.54 
2000 8 0.15 0.02 0.16 0.56 
1995 11 0.11 0.02 0.19 0.43 
1989 15 0.15 0.03 0.18 0.58 
1980 21 0.20 0.03 0.16 0.73 
1977 23 0.03 0.00 0.16 0.09 
1971 26 0.06 0.01 0.17 0.23 
1969 27 0.05 0.01 0.21 0.21 
1963 30 0.14 0.03 0.18 0.54 
1958 33 0.02 0.00 0.17 0.06 
 
Avg 0.11 0.02 0.18 0.40 
 
SD 0.06 0.01 0.01 0.23 
 
Table 21. Pb concentration and Isotopic Pb signatures for WL1A. 
Sample 
ID 
Depth 
(cm) 
Deposition 
Date 
Total-Pb 
(ppm) 
208
Pb/
207
Pb 
208
Pb/
206
Pb 
207
Pb/
206
Pb 
206
Pb/
207
Pb 
210
Pb 
(cps*) 
WL1A-1 3 2006 9.29 2.48 2.02 0.81 1.23 90.4 
WL1A-2 11 1995 10.48 2.49 2.02 0.81 1.23 153.2 
WL1A-3 15 1989 8.94 2.48 2.03 0.82 1.21 415 
WL1A-4 23 1978 8.81 2.50 2.04 0.82 1.21 227.4 
WL1A-5 27 1968 5.25 2.47 2.01 0.81 1.23 58.6 
WL1A-6 33 1958 6.00 2.52 2.04 0.81 1.23 287.5 
WL1A-7 40 1948 5.95 2.49 2.01 0.81 1.20 644.2 
WL1A-8 44 1939 7.94 2.48 2.02 0.81 1.22 497.4 
WL1A-9 50 1928 8.29 2.48 2.02 0.81 1.23 110.3 
WL1A-
10 57 1916 9.27 2.48 2.02 0.81 1.21 34.9 
WL1A-
11 62 1908 4.38 2.51 2.05 0.82 1.21 618.5 
  
Avg 7.69 2.49 2.02 0.81 1.22 285.22 
  
SD 1.97 0.01 0.01 0.00 0.01 224.76 
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Table 22. Pb concentration and Isotopic Pb signatures for WL2. 
Sample 
ID 
Depth 
(cm) 
Deposition 
Date 
Total-Pb 
(ppm) 
208
Pb/
207
Pb 
208
Pb/
206
Pb 
207
Pb/
206
Pb 
206
Pb/
207
Pb 
210
Pb 
(cps*) 
WL2-1 10 1992 6.42 2.48 2.01 0.81 1.21 104.9 
WL2-2 11 1990 6.75 2.46 2.02 0.82 1.22 39.4 
WL2-3 12 1988 2.20 2.46 2.03 0.83 1.20 73.1 
WL2-4 13 1985 6.89 2.49 2.04 0.82 1.22 51.2 
WL2-5 17 1977 6.54 2.43 2.08 0.86 1.23 436 
WL2-6 20 1968 3.80 2.48 2.02 0.81 1.17 1389.6 
WL2-7 23 1956 7.31 2.46 2.04 0.83 1.22 48.6 
WL2-8 25 1948 4.98 2.47 2.03 0.82 1.21 422.4 
WL2-9 28 1937 1.52 2.48 2.00 0.81 1.22 51.9 
WL2-10 30 1927 1.23 2.49 2.02 0.81 1.22 63.6 
WL2-11 31 1922 1.62 2.49 2.06 0.82 1.22 66.8 
WL2-12 34 1907 1.73 2.46 2.01 0.82 1.20 33.7 
WL2-13 31 1922 1.46 2.48 2.03 0.82 1.22 67.9 
  
Avg 4.03 2.47 2.03 0.82 1.21 219.16 
  
SD 2.49 0.02 0.02 0.01 0.01 378.03 
 
Table 23. Pb concentration and Isotopic Pb signatures for HL2A 
Sample 
ID 
Depth 
(cm) 
Deposition 
Date 
Total-Pb 
(ppm) 
208
Pb/
207
Pb 
208
Pb/
206
Pb 
207
Pb/
206
Pb 
206
Pb/
207
Pb 
210
Pb 
(cps*) 
HL2A-1 21 2004 7.09 2.50 2.04 0.81 1.21 46.00 
HL2A-2 54 1995 7.23 2.45 2.02 0.82 1.22 52.90 
HL2A-3 95 1988 5.48 2.50 2.04 0.81 1.23 101.30 
HL2A-4 129 1980 6.99 2.47 2.05 0.83 1.22 366.10 
HL2A-5 162 1973 8.76 2.48 2.06 0.83 1.22 652.30 
HL2A-6 179 1969 8.10 2.48 2.03 0.82 1.24 834.20 
HL2A-7 251 1954 11.95 2.49 2.02 0.81 1.22 207.20 
HL2A-8 293 1944 9.93 2.49 2.01 0.81 1.22 135.10 
HL8A-9 332 1936 6.57 2.48 2.01 0.81 1.21 978.00 
HL2A-10 129 1980 10.00 2.47 2.01 0.81 1.22 331.80 
HL2A-11 162 1973 11.23 2.46 2.03 0.82 1.22 696.20 
  
Avg 8.48 2.48 2.03 0.82 1.22 400.10 
  
SD 2.06 0.02 0.02 0.01 0.01 334.99 
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